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Summary of the key findings from the research

1. We usedaerial photography or satellite imagety estimate the percentage area of ordnance
survey lkilometre (km)grid squares that showed signs of muirbusntotal 0of3,616 1km
squareghat were classified as bued were used for the biodiversity analysis. It vessimated
that the proportion of the arealassified into different muirburintensities were:

Muirburn intensity Proportion of assessed area

less than 5% burnt, 1 12% of the area

6-20% burnt 1 24% of the area

21-40% burnt 1 24% of the area

1
1

41-60% burnt 18% of the area
61-80% burnt 13% of the area
1 81-100% burnt 1 11% of the area

2. Evidence of muirburn waaerial photography or satellite imagepyesentthroughoutthe area
assessed, though the area assessed was prioritised because it was known to include areas where
grouse moor management was an important land use. North of the central belt burning intensity
(% area burnt) was generally greater in the NE with pafr&trathdon, Deeside, Perthshire hills,
and particularly the Angus Glens showing evidence of areas of intensive burning. South of the
central belt the Lammermuirs showed the greatest area of intensive burning.

3. The effect of grouse moor managementensityon the distribution of selected upland species
was assessed. The species used in this study were chosen through consultation with the project
Research Advisory Group and the Scottish Government to reflect a small selection of species
that are Ikely to be negatively or positively affected by grouse moor management, and for
which there was suitable occurrence data available for analyses within the time frame and
resources available.

4. Some obvious species of interest such as mountain bepeis tindus red deerCervus elaphys
and high conservation priority species such as lapWiaigellus vanellusyere not included in
the final list of species assessed because there is already a substantial body of evidence
indicating that these species benefibin and are positively associated with moorland managed
for grouse shooting. Rather the aim of this work was to assess the effects of the intensity of
grouse moor management on species where the association between species distribution and
grouse moor mangement is less well understood or unknown. The species assessed were:

=a =4 -4 -8 -

1 Birch 1 Bilberry / blaeberry
1 Green hairstreak butterfly 1 Adder

1 Curlew 1 Golden plover

1 Merlin 1 Kestrel

1 Lesser redpoll 1 Whinchat

5. Birch and blaeberry were most prevalent in areas with little to intermediate burning and showed
a decline with increasinigurning butwere also present in squares with high levels of muirburn.
6. Green hairstreak butterfly and adder were both most prevaksriow to moderate levels of
burning and showed a general decline in prevalence with very high levels of burning. However,
GKS LI GGSNY Ay OKIFy3aS Ay LINBJIfSyOS -ONE IKI AYONS
species it is not clear whethereater detectability in areas with intense burniiga result of
greater detectability in burnt areas.
7. Curlew and golden plover prevalence generally incrédagéh intensity of muirburn, though
golden plover occurrence peadtin the 4160% burn category wdreas curlewncreasedwith
greaterpercentage muirburn. Thisasparticularly the case for these, and the other bird species



10.

11.

12.

assessed at the hectad (10 x 10 km) scale where sample sizes for squares representing intense
muirburnwere very small.

Merlin prevalence increased with increasing intensity of muirburn up to thé@% muirburn,

and then declind and was absent from the squares with-800% burningwhereas kestrel was
present at a consistent level across all muirburn categories up to 81%. rietiipn of

prevalence at the 81% plus muirburn category is likely confounded by small sample size.

Both lesser redpoll and whinchat shediconsistent levels of prevalence at low to moderate

levels of muirburn and shoxd increases in prevalence in the 6 ¥d higher muirburn

categories. Lesser redpoll prevalence pein the 6:80% burn category anthe species was
absent in the 81100% category, while whinchatas most prevalent in the 8100% category.
Birchwas the only species assessed here whemyalence appeared to decline with increasing
intensity of muirburn, though blaeberry also showed evidence of lower prevalence at the
highest category of muirburn. Green hairstreak butterfly, adder, and kestrel exthtairly

consistent occurrence across thenge of muirburn measured. Whereas golden plover and

merlin showed an increased occurrence with greater burniegurrence for these species

peaked at intermediate levels of muirbur@urlew, whinchat and lesser redpoll appedto

increase in prevalemcwith increasing percentage of ground classed as burnt.

It is difficult to draw any firm conclusions and for all species care is needed in interpreting the
relationship between species occurrence and the high levels of muirburn as the sample size of
both the number of assessed squares within each burn category, and the number of species
records are low for these high intensity burn categories. Species may be responding to aspects
of moorland management other than Muirburn and for the bird species occaeevas likely
influenced by the wider landscape.

In addition, it must be noted that assessment is restricted to the area for which muirburn data
was available and that this was largely from @&r@dere grouse moor management was known

to be an important land use. The restricted area also had the consequence of reducing the area
of intersection between areas assessed for muirburn and species occurrence data.



1 Background

This report iPart4 of the commissioned research projectAssess Socioeconomic and Biodiversity

Impactsof Driven Grouse Moors and to understand the Rights of Gamekeep€R/2019/0). The

research project was led by SRUC and Part 4 was undertdienan experienced teanof
interdisciplinary researchers from The James Hutton Institute (JHhs research builds on the
SOARSYOS o0FasS RS@St2LISRE | yR S@AR Syco&onanidaid LINE O A
biodiversity impacts of driven grouse moors in Scot{@rdoker et al, 2018)A summary for the full

project is available as a sta@adbne report from theScottish Governmetand other technical reports

from the project areavailable from theSEFARI website

1.1 Policy context
1.1.1 Grouse shooting in Scotland

The sport of shooting red grouse on heather moorlands is unique to the UK and has occurred since
the mid-19" century. A groand nesting bird, the red grouse is fast and agile, providing a testing game
shooting opportunity. Today, productive grouse moors are mainly found in Scotland and the North of
England, where moorlands are actively managed at different intensities by gaperke® provide

these wild birds with favourable breeding and rearing habitats. Specific management activities include
muirburn, predator control and the use of medicated grit to improve grouse héalth.

There are three types of grouse shooting: drivenikedup and over pointers. Driven grouse shooting
is the most intensive form and accounts for the majority of commercial grouse shooting in Scotland.
The grouse shooting season runs fronf' Bugust to 1& December each year. Unlike some other
game birds, red grouse cannot be reared in captivity meaning their numbers vary considerably
between years, with weather, habitat, disease and predators all having potential impacts on numbers.

1.1.2 Multiple benefits frommoorlands

{O2GfyRQ&a [FYR &S {GNXdS3e& LINRBY23GSa |y AyidS3aNI
regeneration, biodiversity conservation, carbon sequestration and recreation encouraged in
moorland areas alongside traditional sporting activit{@mttish Government, 2016).Therefore,

there is increasing pressure on land managers to deliver multiple benefits from moorlands, including

the public benefits that these areas provide.

There have been guestions raised about the positive and negative impharouse shooting on
biodiversity and other public benefits. While grouse moor managers and collaborators are taking
active steps to reverse the decline of wading birds in ScotJazahcerns generally focus on large
scale culls of mountain hares on gs® moors, muirburn and the persecution of raptors. It is
particularly the latter that has generated emotive reactions from the general public, conservation
organisations and campaigners, and led to increasing pressure on politicians to address tie issue.

1.1.3 Recent scrutiny

There has been a growing public and political concern relating to the disappearance of golden eagles
in Scotland in recent years. In 2016, the Cabinet Secretary for Environment, Climate Change and Land
Reform asked Scottish Natural Hegéa(SNH) to report on the issue. In May 2017, SNH published a

! https://www.gov.scot/ISBN/978-80004212-4

2a22NI YR 22NJAYy3 DNRBdzL) 6Hnnuod {O20fl yRQa az22Nilt yRY
3 For example, through th&/orking for Waderinitiative that began in 2017.

4 For example, thékevive Coalitiorall for reform of driven grouse moors andatition submitted to the UK

Parliament in 2016 to ban driven grouse shooting.



https://www.gov.scot/ISBN/978-1-80004-212-4
https://www.gov.scot/ISBN/978-1-80004-212-4
https://www.gov.scot/ISBN/978-1-80004-212-4
https://sefari.scot/research/phase-2-grouse-research-socioeconomic-and-biodiversity-impacts-of-driven-grouse-moors-and
https://www.gov.scot/ISBN/978-1-80004-212-4
https://www.workingforwaders.com/
https://revive.scot/
https://petition.parliament.uk/archived/petitions/125003

commissioned report that studied the movements of 131 young golden eagles over a 12 year period,
finding that more than 40 had disappeared in suspicious circumstances. The majority of cases we
found to have occurred where land is intensively managed for driven grouse shodtimtfi¢ld and
Fielding, 2017). Indeed, in summer 2019 further, significant, attention was brought to the
disappearance of two golden eagles in Perthshire, with more calls being made for political action to
regulate grouse moor management

When the SNH report was published, the SebittGovernment specified the intention to establish a

group (the Grouse Moor Management Groga a D0 > g A G K | theehikodmeidtdl f 2 2
impact of grouse moor management practices such as muirburn, the use of medicated grit and
mountain hare cullsand advise on the option of licensing grouse shooting busiresses { 02 (1 (i A a K
Government, 2018). In the same month, the Cabinet Secretary also announced commissioning of
NEASEFNOK Aytz2 GKS O2ada IyR o0SySTAlabiaiversityl! NAS &K
A related Programme for Government (202018) commitment also confirmed that a research
LINEP2SO0 ¢2dAZ R 6S O2YYAAFRAYSRYy2WBOKAAZYLIKNS LINR & §
employment and otherrighs 0 { O2 G G A aROIM2 BSNY YSYy (=

These announcements by the Cabinet Secretary focused specifically on driven grouse shooting. The
Grouse Moor Management Group (GMMG), chaired by Professor Alan Werritty began its work in

b2 @S Yo S Nlemsuragrousdindor thanagement [driven and ed-up] continues to contribute

to the rural economy while being environmentally sustainable and compliant with thée @wring

GKS @g2NJAy3 tAFTS 2F G(GKS DaaD YtoRomid 8nd biddivessity (1 KA a
impacts of driven grousgBrooker et al., 2018yas completed and the GMMG considered the results.

¢ KS D afmdd @gort and recommendationd 2 { O2G0A&K aAyAadSNBRQ 41 &
2019(Grouse Moor Management Group, 2019)

ThisWt K I @fSthe isdgioeconomic and biodiversity impacts research, along with the study of
31 YS 1SS LIS pidvides el &ideénée to address some of the knowledge gaps identified in
Phase Jand evidence collated by the GMMG

1.2 Objective of the research

This reseech set out to build on the existing research knowledge base regarding grouse moors; and
G2 o0SGGSNI dzyRSNEGFYR GKS NARIKGAZ FdGAdGdzRSasz Y2
employment.

The key aims of this research as follows:

1. Examine the exnt and impact of economic connections between grouse shooting estates
and surrouming businesses and communities (Task 1a)

2. Evaluate the socioeconomic impacts of alternative land uses for moorland and how they
compare against land used for grouse shoofingsk 1h)

3. Understand the employment rights and benefits available to the gamekeepers involved in
grouse shooting, as well as their working conditions, attitudes, behaviours and aspirations for
the future (Task 2).

4. Provide a more up to date assessmenttbé area of grouse moors in Scotland under
management for driven grouse, mapping clearly the areas of moorland that are actively
managed for grouse and the intensity of current management regiffiask 3)

5. Understand further the impacts of driven grouse shooting on biodiversity making use of
more up to date estimates of grouse moor management intensity and linking it with the
best available biodiversity data. (Tagk.

5> Seefor example, coverage ifihe Guardiaif01.07.19).
6 Scottish Government new&olden eagle death@1.05.2017) .
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This report examines the biodiversitppacts of driven grouse moors using species distribution data
for selected moorland biodiversity indicator speci€khis work utilisé estimates of moorland
management intensity for driven grouse developedPant 3of this project

2 Introduction

Grouse moor management comprises of a range of management practices, including poeafaitol,
muirburn, grazing management and disease management (Newey et al. 2016; Thompson et al. 2016;
Mustin et al. 2018). These management practices are carried out to maximise red geQEeUS
lagopus scoticamumbers for sport shooting. Grouse moamanagement has been demonstrated to

have positive and negative effects on the distribution and abundance of different species and
biodiversity (Thompson et al. 2016; Brooker et al. 2018; Mustin et al. 2018).

Predator control, the legal killing of crosrvus coronefoxesVulpes vulpesstoatsMustela erminea

and weaseldvustela nivalisundertaken as part of grouse moor management to minimise predation

of red grouse has been shown to benefit other ground nesting birds (Fletcher et al. 2010; Newey et al.
2016; Littlewood et al. 2019, and see Mustin et al. 2018 for recent review), and mountain hares
(Patton et al 2010; Brooker et al. 2018; Hesford et al. 2019). Predator control will suppress the local
population of controlled species, however the wider biaasity impacts of predator control on the
controlled species are poorly understood (Brooker et al. 2018).

Muirburn, the burning of vegetation for management purposes, in the context of grouse moor
management entails the controlled, rotational burningefather to maintain open moorland and
provide a mosaic of different aged heather stands (Yallop et al. 2006). The biodiversity and
environmental effects of muirburn have recently been reviewed by Brooker et al. (2018), Mustin et al.
(2018), and Thompson at. (2016) among others. Muirburn has been shown to benefit some species
of ground nesting birds, particularly upland waders (Newey et al. 2016; Thompson et al. 1995; Pearce
Higgins & Grant 2006), and has been shown to negatively affect the abundanceebther species,

for example some passerine, corvid araptor species(Newey et al. 2016; Smith et al. 2001;
Thompson et al. 2016). The effects of muirburn on vascular plant richness and diversity are not clear
and are dependent on fire severity, intétysand vegetation type (see Brooker et al. 2018 for a recent
review). Muirburn essentially arrests moorland succession and suppresses scrub and tree
colonisation, preventing the establishment of scrub and woodland communities together with the
associatedspecies these would support (Thompson et al. 2@I6pker et al. 2018

Overall the effects of grouse moor management practices watty habitat (e.g. wet or dry heath)
species and management typand in many cases the evidence base is not conclusivehether
specific practices have positive or negative biodiversity effects (Thompson et al. 2016; Brooker et al.
2018; Mustin et al., 2018; Werritty 2019). While there is a clear evidence base that grouse moor
management can positively and/or negativelfeat different species of wading birds, raptors, and
vegetation communities the evidence remains inconclusive for many other taxonomic groups and
species (Brooker et al. 2018; Mustin et al. 201/&)eed, the effects of grouse moor management on

the distibution and abundance of the majority of species has not been investigated.

Here we assess the effect of grouse moor management, based on the intensity of muirburn (the
estimated percentage of ground burnt), on the distribution of selected upland spEcadxe ). The
species used in this study were chosen through consultation with the project Research Advisory Group
and Scottish Government to reflect a small selection of species that are likely to be negatively or
positively affected by grouse moor mareagent, and for which there was suitable occurrence data
available for analyses within the time frame and resources available. Some obvious species of interest
such as mountain hareepus timidusred deerCervus elaphysnd high conservation priority species

such as lapwinyanellus vanellugere not included in the final list of species assessed because there

is already a good body of evidence indicating that these species benefit from and are positively


https://sefari.scot/document/part-3-mapping-the-areas-and-management-intensity-of-moorland-actively-managed-for-grouse

associated wh moorland managed for grouse shooting (Fletcher at al. 2010; Patton et al. 2010;
Newey et al. 2016; Mustin et al. 2018; Littlewood et al. 2019). Rather the aim of this work was to
assess the effects of the intensity of grouse moor management on specire e association
between species distribution and grouse moor management is less well understood or unknown.

3 Methods
3.1 Intensity of management

Grouse moor management, which itself may be carried out alongside other land uses, can entail a
range of manageent practices that are not necessarily exclusive, and which may be implemented at
different intensities and spatial scales depending on management objectives and resources (Werritty
et al. 2015; Newey et al 2016; Thompson et al. 2016; Sotherton et al, RETin et al. 2018; Werritty

2019). To obtain a measure of management intensity we use the percentage of ground that has been
subject to muirburn assessed froaerial photography or satellite imageag an index of the intensity

of grouse moor managemei\Yallop et al. 2006; Douglas et al. 2015; Newey et al.;20a8hews et

al. 2020. Estimates of percentage of muirbuised here come from the work carried datPart3 of

this projectand readers are directetth Matthews et al. (2020for details of the muirburn assessment
methodology. In summary; to estimate the percentage of muirburn at the 1 km squafe s
summed the number of 200 m x 200 m cells within each 1 km square (25 accessed squares) that had
been classified as at least 50% burnt and converted this to a percentage. This estimate of percentage
muirburn assumes that each cell classified as bigdi00% burnt which is not necessarily true as the
percentage of burn will range from B00% and is therefore an overestimate of actual muirburn
(althoughit is balanced bgxclusion of cells in the-B0% burned rangeHowever, this likely gives a
goodestimate of the intensity of management and area of land under grouse moor management. For
those species where the distribution data was only available at the 1@ kn? (hectad) scale we
calculated the percentage burn at the 1 km square level and thek te median value of the 1 km
squares within that 100 km square to represent the overall level of muirburn.

3.2 Species distribution data

Species distribution data were acquired from different sources (Table 1). In Scotland, except for birds
and arguably redieer there are no systematic national, monitoring programs of wildlife. For bird
species (curlew, golden plover, merkalco columbariyskestrelFalco tinnunculuslesser redpadl
Acanthis cabaretand whinchatSaxicola rubetrpg S dza SR G KS . NAGA &K ¢ NHza G 1
Breeding Bird Atlas (BBA) data (Gillings et al. 2019). Plant speciesBgiuth sp. and blaeberry
Vaccinium mytillusdistributions are based on data from the Botanical Society of Britain and Ireland
(BSBI; Prescott et al. 2018) and the National Plant Monitoring Scheme (NPMS; Walker et al. 2015;
Prescott et al. 2015, 2019). Data on the distribution of addigrera berusand green hairstreak
butterfly Callophrys rubivere obtained from theNational Biodiversity Network (NBN)Scotland NBN

2020) and data partnersTéble 1, Annex)1 For the BBA data we mapped presence in 2010 at the
hectad scale, for all other species we restricted our analysis to records from 2000 onwards and then
mapped the presence of el species over the entire time range the available data covered at the 1
km square scale. Adder data are shown atlibelad scale for display purposes at the request of data
providersto protect sensitive sitesThe written permission of data holders wastained for use of all
RFEGF &a2dz2NDSa EBxO/Sgtdnten cddgniC8meraigl licence (seénnexl for list

of data providers).
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Table 1. The list of 10 species and the data sources used in this studyyigodetails of sizes and the distribution of samples by estimated burn category.

Spatial scale (humber of
Data squares assessedlppecies
sources

1 * 1 km squares
(n = 3,616)
Birch

BSB},

3.4
NPMS Bilberry/ blaeberry

Green hairstreak butterfly
NBN-2L*
Adder

10 x 10 km squares
(n=179)

Curlew
Golden plover
Merlin
2
PBA Kestrel

Lesser redpoll

Whinchat

Total No.
Records

14,944
8,674
5,475

1,428

337
240
246
399
368

308

Number of squares

Spatially uniqgue Assessed square:

records

5,406
4,979
1,475

810

337
240
246
399
368

308

with records (%)

225
(6.2%)
314
(8.7%)
83
(2.3%)
77
(2.1%)

120
(67%)
68
(38%)
102
(57%)
116
(65%)
85
(48%)
80
(45%)

0-4%

418
(11.5%)
36
(8.65)
43
(10.2%)
14
(3.3%)
4
(1.0%)
17
(9.5%)
8
(47.1%)
2
(11.8%)
7
(41.2%)
10
(58.8%)
9
(52.9%)
9
(52.9%)

Number (%) of squares in each burn category

5-20%

858
(23.7%)
60
(7.0%)
81
(9.4%)
16
(1.9%)
24
(2.8%)
60
(33.5%)
33
(55.0%)
18
(30.0%)
26
(43.3%)
39
(65.0%)
25
(41.7%)
21
(35.0%)

21-40%

856
(23.6%)
55
(2.9%)
76
(8.9%)
25
(2.9%)
14
(1.6%)
71
(39.6%)
53
(74.6%)
29
(40.1%)
45
(63.4%)
44
(62.0%)
35
(49.3%)
34
(47.9%)

41-60%

635
(17.5%)
33
(5.1%)
49
(7.7%)
9
(1.4%)
13
(2.0%)
22
(12.2%)
18
(81.8%)
15
(68.2%)
18
(81.8%)
16
(72.7%)
8
(36.4%)
9
(40.9%)

61-80%

463
(12.8%)
31
(6.7%)
45
(9.7%)
9
(1.95)
10
(2.2%)
8
(4.5%)
4
(87.5%)
4
(0.50%)
6
(75.0%)
6
(75.0%)
8
(100%)
6
(75.0%)

81-100%

386
(10.6%)
10
(2.6%)
20
(5.2%)
10
(2.5%)
12
(3.1%)
1
(0.6%)
1
(100%)
0
(0%)
0
(0%)
1
(100%)
0
(0%)
1
(0%)

Datasources; BSR| Botanical Society of Britain and Ireland, NMP$ational Plant Monitoring Survey, BRMreeding Bird Atlas. Total Number of Records; the total number of verified species occurrences within
data set. Spatially Unique Records; either thenbver of 1 knior 100 kn? squares that have one or more verified records. Assessed Squares with Records; the number and parakesgagess with verified records.

Number of squares in each burn categariit KS y dzyo SNJ | yR

LIS N S vy (slthat®dcur ifRin eadghdalrMdatégora Rréiseott B QZDI8R 2. Walker et al. (2015), 3. Prescott et al. (2015), 4.

Prescott et al. (2019), 5. NBN (2020). 6. Amphibian and Reptile Groups of the UK (2019), 7. Biological Records CeBifigu@il{)017), 9. Butterfly Conservation (2018)ata were provided from the Butterflies

for the New Millennium recording scheme, courtesy of Butterfly Conservation, 10. Caledonian Conservation (2017), 11.dbdr@aésway Environmental Resources Cef@®d.7), 12. Froglife (2018), 13. Highland
Biological Recording Group (2018a,b,c,d), 14. John Muir Trust (2017a,b), 15. Lorn Natural History Group (2018), 1&ridationSicotland (2018), 17. North East Scotland Biological Records Centre (2087a,b), 1
Scottish Wildlife Trust (2018a,b,c), 19. The Wildlife Information Centre (2017), 20. The Wildlife Information Centre,2028al#K Butterfly Monitoring Scheme (2017), 22. Gillings et al. (2019). * Appendix 1 for list

and citations for data provids. h= (assessed squares / total number of squares assessed) % 100
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4 Findings

A total of 3,616 (ordnance survey) 1 km squares were assessedhangetcentage of muirburn
estimated, covering 179 (Ordnance Survey) 10 km by 10 km squares (Fidhdlagh it is important

to note that the assessment of muirburn was limited to areas where driven grouse moor management
was known to be an important landse the distribution of muirburn reveals that the eastern
MonadhliathMountains, Strathspey, Deeside, Strathdon, the Perthshire hills, the Angus Glens and the
Lammermuirs are the most intensely burnt areas which corresponds to both those areas where driven
grouse shooting is a dominant land use and where grouse moor management is most intensely carried
out (Fig. 1. For both the 1 km squares and hectads most squares show no or little (<20%) burning
and the number of squares showing evidence of muirbdedine with increasing percentage of
muirburn present Fig. 1b,§: The steep decline in the number of hectads with increasing percentage
of muirburn recorded suggests that areas of intense muirburn are highly localised (Fidnebohaller
number of squares and hectads associated wigfher percentages of burnt groundeanscare is
needed in interpreting the relationship between species occurrence and the high levels of muirburn
as the sample size of assessed squares within eachdatiegoryis small. Thigss most notable for the

bird occurrencedata wherethere is only one hectanh the 81:100% burn category whiateeds to be

kept in mindwhen interpreting the results.

For birch species there were a total of 5,406 spatially unigeerds (at the 1 kdscale) of which 225
intersected the areas assessed for muirburn, and birch occurred on 6.2% of the 1 km squares assessed
(Table 1, Fig. 2a). Birch recomtel 8 82 OA I G SR gAGK {O2Gfl yRQ&a I NHS
Findhorn(Fig. 2a). The occurrence of birch records stwban overall negative distribution with
increasing muirburn, andiere most prevalent in squares with little to moderate levels of muirburn

(Table 1, Figs. 2a,b).

There were 4,979 1 km squares across Scotleititblaeberry records and 314 of these intersected

the assessed area (Table 1, Fig. 3a). Overall, blaeberry occurred in 8.7% of assessed squares (Table 1).
Blaeberry records throughout Scotland but more frequent in the nedlt, Black Isle, and the Nior

West Highlands than elsewhere in ScotlaBldeberry records are most numerous in squares with low

to moderate (<20%) burning, though overall there is a small decline in proportion of occuwéhce
increasing burninthe species was preseint 7-9% ofsquares with up to 80% burning, but occurrence

drops steeply in the 8100% burn category to around 2% (Table 1, Fig. 3b,c).

There were 5,475 records of green hairstreak butterfly from 1,475 1 km squares of which 83 (2.3%)
overlapped assessed squaresh€al, Fig. 4a). Most records occur within squares with less than 40%
burning (Fig. 4b). The proportion of squares within each burn category with records also shows that
most records are associated with squares with less than 40% burning, however, thenpgatthigher

levels of burning is less clear with a decline ab68% before increasing with a greater percentage of
burning (Fig. 4c).

The majority of the 1,428 adder records from 810 1 km squares are largely concentrated to the south
west of Scotlandrad Southern Uplands, though theaeealso records from the south east Cairngorms
(Table 1, Fig. 5a). Only 77 (2.1%) of squares with adder records overlap with the areas assessed for
muirburn (Table 1, Fig. 5a). Adder records occur at all levels of buthowgh most recordare from

squares with less than 20% burning (Fig. 4b). However, the proportion of squares with adder records
is reasonably constant {226) across all burn categories (Fig. 4c).

Curlew occurred in 120 (67%) béctadsin our assessmenfTable 1). The species is widespread
throughout the Southern Uplands, central and eastern areas of the Central Uplands, and western
areas of the North West Highlands (Fig. 6a). Though the majority of records are from squares with
little or moderate burnig (<40%) within burn categories the proportion of squares with curlew
increases with increasing percentage burning (Fig. 6b,c). Hovasseith all of the bird species which



are assessed at the hectad sctie apparently high proportion of highly burngsares occupied by
curlew may be a consequence of the fact that only baetadis categorised as being 8D0% burnt
(Table 1).

Squares with golden plover are largely found in the north and east of the Central Uplands and
throughout much of North West Higands, but with a notable presence in the eastern Southern
Uplands particularly the Lammermuirs (Fig. 7a). Of the 240 hectads with golden plovearéhey
present in 68 (38%) of the squares assessed for muirburn (Table 1). Most records within the area
assessed are from areas with low to moderate burning with the highest number of records associated
with the squares with a median percentage burn of4lle6 (Table 1, Fig. 7b). However, within burn
category the proportion of squares occupied increases witregsing burning up to the micange of
41-60% before declining to zero at the highest burn category ef@1% (Table 1, Fig. 7c).

Merlin were recorded as present in 246 hectads across Scotland of which 102 (57%) correspond with
squares assessed for muirloufTable 1). Merlin were present in uplands of the Southern Uplands and
Central Uplands, and parts of the North West Highlands (Fig. 8a). Most merlin records are associated
with squares with low to moderate (<40%) muirburn, with squares in thé@®4 burrcategory having

the most records (Table 1, Fig. 8b). However, within burn categories the proportion of squares with
merlin records increase with greater burning to peak in thé6@% burn category with a slight decline

in the 6280% burn category and nogaerds in the most burn squares (Table 1, Fig. 8c).

Kestrelare widespread in southern Scotland, the central belt, south and eastern parts of the Central
Uplands and eastern parts of the North West Highlands (Fig. 9a). Kestexecorded in 399 squares

over Scotland and there were records for 116 of 179 (i.e. 64.8%) hectads assessed for muirburn (Table
1). The number of recorded occurrences decline with increasing muirburn, and most records occur
below the 41% muirburn category (Table 1, Fig. 9b). Howevieltin burn categories the proportion

of squares occupied by kestrel is relatively stable but increases sharply at the highest level of muirburn
(Table 1, Fig. 9c). However, the apparently high proportion of highly burnt squares occupied by kestrel
is lkely influenced by the fact that only one of hectads assessed is categorised as b20@§8burnt

(Table 1).

Lesser redpolshowa patchy distribution throughout Scotland with noticeably lower occurrence in

the eastern, lowland, extent of the Central dptls (Fig. 10a). The species had been recorded in a total

of 368 hectads and occur in 85 of the 179 hectads assessed for muirburn (47.5%) (Table 1). While most
records are from hectads with low to moderate (<41%) burning and few frectadswith higher

levels of burning a comparison of the proportion of records within burn categories shows that the
proportion of records is reasonably constant at around 0.40 across-2{& @140, and 4160 burn
categories with a marked peak in the-80% burn categoryg indicating that this species was found in

all (n = 8) of the squares with a median burn category e8@% (Table 1, Figs. 10b,c).

Whinchat were recorded in 308 hectads across Scotland intersecting with 80 (44.7%) of 179 hectads
assessed for muirburn (Tabl). Whinchat was quite widespread throughout the Southern Uplands,
southern and western areas of the Central Uplands and North West Highlands, but scarcer in the north
east (Fig. 11a). Though most of the species records come from squares with low tcateqgd0%)
burning a comparison of the proportion of records within burn categories shows a higher proportion
within the 61-80 and 81100 percent burn categories (Table 1, Figs 11b,c). Though as noted elsewhere
this pattern of a high proportion of recordsithin the 81-:100% burn category may be influenced by

the fact that only one of the hectads falls in this category (Table 1).
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Figure 2.The occurrence (presence only) of birch species records in relation to the intensity of muir@)rmap showing the occurrence of recofds
each 1 km squareithin the areaassessed (presence of records only, the absence of records may not reflect absence on the ground), b) the numb
squares where present categorised by the percentage of muirburn recorded for each 1 km square, and c) the proptiaresfwithin each category
muirburn with species present. Species distribution data courtesy of British and Irish Botanical Society (Prescottaald2B& National Plant Monitorin

Programme (Walker et al. 2015; Prescott et al. 2015; Prestatt 2019).
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Figure 4.The occurrence (presence only) of green hairstreak butterfly records in relation to the intensity of muirbaynrmap showing the occurrence
records for each 1 km square within the area assessed (presence of records only, the absence of records may not refleciratiseground)b) the
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Figure 6.The distribution of curlew irrelation to the intensity of muirburn a) map showing occurreneg the 10 by 10 km square scaléthin the assesse(
area, b) the number of 100 Knsquares where present categorised by the percentage of muirburn recorded for each 8guane, and c) the proportion ¢
squares within each category of muirburn with species present. Species distribution data from BTO BBA (Gillings et al. 2019).
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Figure 7 The distribution of golden plover in relatioto the intensity of muirburn a) map showing occurrence at the 10 by 10 km square scale W
the assessed area, b) the number of 10 kaquares where present categorised by the percentage of muirburn recorded for each 18quame, and ¢
the proporton of squares within each category of muirburn with species present. Species distribution data from BTO BBA (GilRk@d9kt al.
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Figure 8.The distribution of merlin relation to the intensity of muirburna) map showing occurrence at the 10 by 10 km square scale within the asg
area, b) the number of 100 Knsquares where present categorised by the percentage of muirburn recorded for each 18quamne, and c) the proportio
of squares within each cagjory of muirburn with species present. Species distribution data from BTO BBA (Gillings et al. 2019).
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